Expression Pattern of Pluripotency Markers in Rabbit Embryoblast by BONTOVICS, Babett et al.
36 
 
 
 
Bulletin UASMV, Veterinary Medicine, 69(1-2)/2012 
Print ISSN 1843-5262; Electronic ISSN 1843-5378 
 
Expression Pattern of Pluripotency Markers in Rabbit Embryoblast 
 
Babett BONTOVICS1), Jaroslav SLAMECKA2),3), Pouneh MARAGHECHI1), László 
HIRIPI1), Alexander V. MAKAREVICH A.V.2), Peter CHRENEK,2),3), Zsuzsanna BŐSZE 
Zs.1), Elen GÓCZA1) 
 
1)Agricultural Biotechnology Center, Gödöllő, Hungary; elen@abc.hu 
2)Animal Production Research Centre, Nitra, Slovak Republic; 
3)Faculty of Biotechnology and Food Science, Slovak University of Agriculture, Slovak Republic 
 
Abstract: The aim of our work was to analyse the expression pattern of embryonic stem cell specific 
markers in rabbit embryos and epiblast cells. There are well-known genes that direct pluripotency in 
the mouse, such as Oct4, Nanog, but their expression pattern during the rabbit embryonic 
development is not known yet. Using culture medium supplemented with two inhibitors [(2i: 
PD032590-(PD), CHIR99021-(CH); embryonic stem cell (ESC) lines could be derived efficiently 
from mouse and rat embryos. We cultured the rabbit embryos from eight-cell-stage in RDH, RDH+2i 
culture medium until the blastocyst stage.  The expression level of epiblast specific Oct4 and Nanog, 
trophoblast specific Cdx2 and hypoblast specific Gata4 and Gata6 were examined in blastocysts and 
attached embryoblasts. The expression level of Oct4 and Nanog was significantly higher in 
blastocysts, cultured in RDH+2i culture medium, but there was no significant difference in CDX2, 
GATA4, GATA6 expression on mRNA and protein level, compared to embryos cultured in RDH 
medium. We hope that we can maintain the pluripotency of the epiblast derived stem cells in 2i 
containing medium during long term cultivation. 
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INTRODUCTION 
 
Recently the interest in chimeras increased again when embryonic stem cells became 
available and when subtle genetic manipulations at the level of single genes enabled to modify 
and produce genetically transformed ES cells. This represents an alternative way of modifying 
the genome more precisely and predictably than injection of genes into pronuclei of zygotes, 
but requires transferring the transformed cells into ‘host’ embryos to introduce them into the 
germ line to obtain gametes. It was demonstrated that injected genetically altered ES cells into 
mouse blastocysts, could generate transgenic offspring. The application of these techniques 
with homologous recombination technology provided scientists with a controlled process to 
generate an unlimited variety of transgenic mice with engineered, predetermined genomes. 
Mouse ES cells were first derived by culturing the ICM of mouse blastocysts in serum-
containing medium on mitotically inactivated mouse embryonic fibroblasts (MEFs) as a feeder 
layer (Evans and Kaufman, 1981, Martin, 1981). The derivation and characterization of mouse 
ES cells have set the basic methods and standards for the subsequent derivation of ES cells from 
other species, including human. Although pluripotency is remarkably consistent for all bona fide 
ES cells, significant differences have been identified among ES cells derived from various 
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species.The birth of human ES cells has triggered new waves of discoveries in regenerative 
biology and in the derivation of ES cells from other species.  
Recently, a ground state of pluripotency has been proposed based on the fact that mouse 
ES cells can be derived without need for any growth factors but with only a combination of 
inhibitors (Nichols, et al., 2006; Ying et al., 2008). The pluripotency of these mouse and rat ES 
cells were confirmed by contribution to chimaeras with germline transmission (Guo et al., 2009). 
The possibility of a previous selection of transgenic ESC lines and the production of animals of 
germ-line origin by cloning from transgenic ESC cell lines opens new horizons in the rapid 
genetic modification of a whole population in farm animal species. The examination of 
preimplantation embryos and embryonic stem cells are two powerful systems to analyze the 
differentiation process in early mammalian development.  
During gastrulation the pluripotent cells of the embryoblast differentiate into 
mesodermal, ectodermal and endodermal cells, which generate all tissues and organs of the 
embryo. The molecular regulation of this critical differentiation step is not fully understood. In 
our running projects we examine the gene expression pattern in mouse and rabbit embryos, 
embryonic and epiblast stem cells. We investigate the in vivo developmental potential of mouse 
and rabbit embryoblast cells and embryonic stem cells generating chimeras. We hope that our 
research could help to understand the regulation process affecting the pluripotency during early 
embryonic development of rabbit embryos. 
 
MATERIALS AND METHODS 
 
Mouse embryo production: CD1 mouse were provided by Charles River Laboratories, 
Hungary. The EGFP expressing transgenic B5/EGFP mouse line B5 was kindly provided by Andras 
Nagy (Toronto). We collected the embryos using a hand pipette attached to a glass capillary, then 
washed them through several drops of M2 and at last KSOM media. We transferred the embryos into 
a tissue culture dish containing pre-equilibrated KSOM covered with mineral oil. The dish was 
placed into the incubator (at 37°C, 5% CO2 in air). 
Mouse ES cell lines: R1 ES cells (provided by Andras Nagy, Toronto) were kept on 
primary embryonic mouse fibroblast feeder layer, in Dulbecco’s modified Eagle’s medium (KO-
DMEM medium GIBCO) supplemented with glutamax, 50 µg/ml streptomycin, 50U/ml 
penicillin, 50mM β-mercaptoethanol, 0.1mM non-essential amino acids, 1000 units/ml of 
leukemia inhibitory factor and 15% fetal calf serum (FCS). One or two days prior to aggregation, 
we passaged sub-confluent ES cells to the gelatin-coated plates. On the day of the experiment, we 
added a minimal amount of trypsin, for 1-2 minutes. After that we added ES cell medium to the 
plate. With gentle pipetting we could create clumps of the correct size (10-15 cells/clump). 
Rabbit embryo collection: The animals used were Hycole rabbits handled in compliance 
with the Hungarian Code of Practice for the Care and Use of Animals for Scientific Purposes and 
the experiments were approved by the Hungarian Animal Care and Ethics Committeee (Ref No. 
767/001/2003). Superovulation and embryo collection from the oviducts of does was performed 
as previously published (Besenfelder et al., 1998). 8-cell stage embryos were collected 44 hours 
following insemination. Rabbit embryo culture: RDH medium was prepared by mixing RPMI 
1640 (R1383, Sigma), DMEM (D7777, Sigma), and Ham’s F10 (N6635; Sigma) medium at a 
proportion of 1:1:1 and supplying 5 mM taurine (T8691, Sigma) and 0.3% BSA (A3311, Sigma). 
Rabbit 8-cell stage embryos were cultured on 35-mm sterile plastic tissue culture dishes (NUNC, 
Denmark) in 30 µL drops of RDH medium layered over with embryo-tested light paraffin oil 
38 
 
(M8410, Sigma) at 38.5°C and 5% CO2 concentration (Jin et al., 2000). Concentrations of the 
individual inhibitors of the CH+PD cocktail in the RDH medium were as follows: basal - 3 µM 
of CHIR99021 (CH) (04-0004, StemGent), 1 µM of PD0325901 (PD) (04-0006, StemGent) 
Preparation of feeder layer: The feeder layer was made from the connective tissues of 
14.5 dpc mouse embryos. Prior to plating, the embryonic fibroblast layer was treated with 
mitomycin C (10 µg/mL; Sigma) and split into the individual culture dishes. 
Embryonic outgrowth culture: Rabbit 8-cell stage embryos collected at 1.5 days post 
coitum were cultured in vitro for 2 days. Zona pellucida was removed from the 3.5-day old 
blastocysts by exposing them to 0.5% pronase (Sigma) in PBS and after washing the blastocysts 
in culture medium they were placed onto mitomycin C (10 mg/mL, M0503, Sigma) inactivated 
mouse primary embryonic fibroblasts spread on the surface of 0.1% gelatin (G2500, Sigma) 
coated wells of tissue-culture plates (Nunc). Hatched embryos were allowed to attach onto the 
feeder layer and formed embryonic outgrowths. 
ES cell derivation: Undifferentiated cells of embryonic outgrowths were treated by 
accutase (A6964, Sigma) for 10 min in the incubator at 38.5°C to partially digest the cell colonies 
and then mechanically disaggregated. Aggregates of 20–50 cells were seeded onto fresh feeder 
cells. Colonies presenting a typical morphology of compacted ES cells were selected and 
subcultured every week using accutase to disaggregate cells. 
Real-time Quantitative PCR: For mRNA quantification, extracted total RNA samples 
were reverse transcribed into cDNA, using High Capacity cDNA Reverse Transcription Kit. 
Synthesized cDNAs were subjected to quantitative real-time PCR using SYBR® Green PCR 
Master Mix as a double-stranded DNA-specific fluorescent dye with rabbit specific primer sets. 
All reagents were purchased from Applied Biosystems, and reaction protocols were carried out 
according to the manufacturer’s instructions. The reactions for mRNA were automated by 
Eppendorf Mastercycler ® ep realplex4. 
 
RESULTS AND DISCUSSIONS 
 
Previously we could demonstrate that a single male blastomere was able to reverse the 
8-cell stage female embryo’s gender. In our experiments, to generate mice with clonal origin, 
single blastomeres obtained from the same sexed EGFP labeled 8-cell stage embryos were 
complemented with unsexed tetraploid carriers. We could produce EGFP labeled twins and 
triplets with pre-planned gender, and the clonal origin of the members of twins and the triplet was 
confirmed by micro-satellite analysis (Carstea, 2005). 
We also examined the factors influencing the chimera forming ability of mouse ES cells. 
We produced chimeras by aggregating ES cell clumps with 8-cell stage host embryos. Our task was 
to determine the reason of difference in germ cell forming ability of different mouse ES cell lines. We 
examined the chimera forming capability of R1 and R1/E mouse ES cell lines. By increasing the 
passage number, we could get less chimera animals, and only the R1/E ES cell line derived cells 
could contribute to the germ cells. The karyotype analysis demonstrated that the proportion of 
trisomic cells increased proportionally with the passage number. The aneuploid ES cells can 
contribute to the different tissues of chimera animals, but cannot form viable germ cells. 
As a first step toward the ES cell derived transgenic rabbits, we could develop a method 
for chimera rabbit production (Bodo, 2004). We got high rate of chimeric rabbit embryos by the 
adaptation of the asynchronous timing for hormonal treatments of the recipient does. The chimeric 
rabbits including the XX/XY hypo-gonadic male were fertile and did not show any other growth 
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abnormalities. In the case of chimeric mice the relationship of chromosomal sex to functional germ 
cells has been long time analyzed in detail. It was described by several authors that XX/XY 
chimeric mice constructed at an early embryonic stage develop as male. Our data underline this 
observation in rabbits since the XX/XY animal developed as a buck, albeit the ratio of male cells in 
its blood was only 20%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Morphology of 6 day old rabbit embryo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The proposed effect of culture medium supplemented  
with two inhibitors [PD032590 (PD), CHIR99021 (CH)] 
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In our running projects we examine the gene expression pattern in mouse and rabbit 
embryos, embryonic and epiblast stem cells. The aim of our work is to analyze the expression 
pattern of embryonic stem cell specific markers in rabbit embryos and epiblast cells. There are 
well-known genes that direct pluripotency in the mouse, such as Oct4, Nanog, but their expression 
pattern during the rabbit embryonic development is not known yet (Fig. 1).Using culture medium 
supplemented with two inhibitors [(2i: PD032590-(PD), CHIR99021-(CH)], embryonic stem cell 
(ESC) lines could be derived efficiently from mouse and rat embryos.  
We cultured the rabbit embryos from eight-cell-stage in RDH or RDH+2i culture medium 
until the blastocyst stage (Fig. 2). The expression level of epiblast specific Oct4 and Nanog, 
trophoblast specific Cdx2 and hypoblast specific Gata4 and Gata6 were examined in blastocysts, 
attached embryos and epiblast like cell. The expression level of Oct4 and Nanog was significantly 
higher in blastocysts, cultured in RDH+CH+PD culture medium, but there was no significant 
difference in CDX2, GATA4, GATA6 expression on mRNA and protein level, compared to 
embryos cultured in RDH medium (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. A.: In vitro developmental rate of rabbit embryos in RDH and RDH+CH+PD medium. B.:  
The expression level of epiblast specific Oct4 and Nanog, trophoblast specific Cdx2 and hypoblast 
specific Gata4 and Gata6 in blastocysts. 
 
We hope that we can maintain the pluripotency of the epiblast derived stem cells in 2i 
containing medium during long term cultivation. 
 
CONCLUSION 
 
The in vitro differentiation of transgenic ESC lines will be more and more important in 
the near future. In the basic and in the applied research a lot of new information on the role of 
newly identified genes could be gained via in vitro differentiation of ESCs. Many attempts were 
undertaken to establish pluripotent ESC or EG cell lines from different vertebrate species, and 
most recently human, but at present, only ES cells from mouse, rat and EG cell line from chicken 
embryos were found to participate in germ line development. 
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We found that using culture medium supplemented with two inhibitors are not influence 
to the development of embryos, but while in mouse and rat embryos the hypoblast specific 
GATA6 expression completely inhibited using 2i inhibitors, until in rabbit embryos we found 
high expression level of GATA6. We plan to continue our experiment with the inhibition of other 
transcription factors. We hope, that our research could help to understand better the influence of 
marker of pluripotency on early development of mouse and rabbit embryos and on embryonic 
stem cell line establishment. 
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